A patient previously diagnosed with chronic neutrophilic leukemia (CNL) was studied using fluorescent in situ hybridization (FISH) to determine clonality of neutrophils. By cytogenetic studies the patient's blood and bone marrow had an 11q14 deletion and were negative for the Philadelphia (Ph) chromosome. FISH was performed on peripheral blood smears using probes for the bcr/abl translocation and a probe for 11q23 (MLL). The patient's white blood cells were negative for the bcr/abl translocation; neutrophils and eosinophils, but not lymphocytes, were monosomic for the 11q23 probe indicating a clonal population within the neutrophil population.
Introduction
Chronic neutrophilic leukemia (CNL) is a rare hematologic disorder of uncertain pathogenesis characterized by persistent neutrophilia without an identifiable cause. The leukocytosis consists principally of mature neutrophils without immature neutrophils, myeloblasts, increased basophils or monocytes. The Philadelphia (Ph) chromosome is absent. These features distinguish CNL from chronic myelogenous leukemia (CML), atypical chronic myelogenous leukemia (aCML), and chronic myelomonocytic leukemia (CMML) as defined by the FAB group. 1 Additionally, patients usually have hepatosplenomegaly, elevated leukocyte alkaline phosphatase (LAP), increased serum uric acid and bone marrow granulocyte hyperplasia. 2 We (MKF and PD) have previously described a patient with features of CNL. 3 Briefly the patient presented with anemia refractory to iron therapy without an identifiable source of bleeding. Her bone marrow was Ph chromosome negative by cytogenetic studies on five occasions spanning an 8 year period. She gradually developed a leukocytosis with a maximum WBC of 84.8 × 10 9 /l consisting of greater than 90% mature neutrophils without immature neutrophilia, monocytosis or basophilia (Figure 1) . Splenomegaly, increased leukocyte alkaline phosphatase score and increased serum uric acid were present; an 11q14 deletion was consistently present in karyotypes of bone marrow. We evaluated clonality of neutrophils using FISH with 11q23, bcr and abl probes on peripheral blood smears. 
Materials and methods

Patient and control samples
Buffy-coat smears prepared from EDTA anticoagulated blood were studied from the patient and controls. Positive control consisted of a patient previously diagnosed with CML with cytogenetically documented t(9;22). A patient without CML for the bcr/abl probe and two patients with reactive neutrophilia for the MLL probe served as negative controls. Smears were stored in a desiccator at ambient temperature. The oldest slide used in the study was stored for 3 weeks. Smears were fixed in acetone for 10 min and air-dried.
Methodology Fluorescent in situ hybridization (FISH):
FISH was performed with MLL (11q23) and Mbcr/abl translocation DNA probes (Oncor, Gaithersburg, MD, USA) according to the manufacturer's instructions. The digoxigenin-labeled MLL probe was detected by incubation with 20 l of rhodamine-labeled anti-digoxigenin (Oncor); the Mbcr/abl probes were detected by incubation with a mixture of equal parts (20 l each/slide) of rhodamine-anti-digoxigenin and fluorescein-avidin (Oncor). The appropriate probes were applied to the slides which were then covered with plastic coverslips and incubated in a moist chamber for 30 min at 37°C. Subsequently, coverslips were removed and the slides washed three times in PBS for 2 min per wash. Negative controls were treated the same.
Evaluation of signals:
Fluorescent probe signals were evaluated with an Olympus B-Max microscope with 100 × objective U Plan Apo-Chromat Oil Immersion 'Universal' objective and 10 × eyepieces as previously described. 4 For the MLL 11q23 probe, cells were counted as having one or two signals. A single signal was considered positive for monosomy of the distal portion of the long arm of chromosome 11 consistent with the patient's known 11q14 deletion. For the Mbcr/abl translocation, signals were evaluated for the percentage showing fused or juxtaposed signals; ie fused red and green labeled probes were yellow, or red and green signals which were very close but without a color change. Fusion or overlapping of these signals was interpreted as positive for the Ph chromosome.
Results
FISH performed with the bcr/abl probes demonstrated color change or overlapping of signals in five of 300 (1.6%) neutro- (Figure 3 ). FISH performed with the 11q23 probe on blood smears from two patients with reactive leukocytosis had two signals present within a combined total of 99 of 100 (99%) neutrophils.
Figure 2
FISH using an 11q23 probe on blood smear from patient with CNL. A single red signal is present in the nucleus of one eosinophil and four neutrophils. Original magnification × 1000.
Discussion
Chronic neutrophilic leukemia is a rare hematologic disorder first described by Tuohy 5 in 1920. Subsequently, occasional cases of CNL have been reported, but a clear understanding of its pathogenesis and proper classification have remained in doubt. The Ph chromosome, monocytosis and basophilia are not present and lack of these features serve to distinguish CNL from CML, aCML and CMML. Chronic neutrophilic leukemia must also be distinguished from a leukemoid reaction, necessitating a search for infectious or reactive causes of the persist-
Figure 3
A single signal is present in a neutrophil, while two signals are seen in a lymphocyte from patient with CNL. Original magnification × 1000. ent neutrophilia. Cases of CNL have been associated with polycythemia vera, myelodysplasia, multiple myeloma and paraproteinemias of undetermined significance. [6] [7] [8] [9] [10] [11] Cytogenetic studies have shown the absence of the Ph chromosome, and most cases of CNL studied have shown a normal karyotype. [8] [9] [10] Recent case studies have confirmed the absence of the bcr/abl rearrangement by molecular techniques.
6,9,12 Tanzer et al 13 described a 72-year-old male with a WBC of 60 × 10 9 /l with 96% mature neutrophils, splenomegaly and myeloid hyperplasia of the bone marrow. In five of 15 marrow cells karyotyped, one chromosome 2 was abnormally large; but they were unable to define the exact defect. The Ph chromosome was not identified. Donato et al 14 described a patient with features of CNL and trisomy 9 with partial deletion of the long arm of 20. A patient with features of CNL and a monoclonal gammopathy had a balanced translocation between chromosomes 1 and 20. 15 Masini et al 16 described a patient with a plasma cell dyscrasia, hepatosplenomegaly, marrow myeloid hyperplasia, elevated serum vitamin B 12 , elevated LAP score and leukocytosis with a WBC of 21 × 10 9 /l with 85% neutrophils. Cytogenetic studies of the marrow aspirate showed a loss of the Y chromosome. Orazi et al 17 reported a patient with splenomegaly, marrow myeloid hyperplasia, and an increased LAP score. The WBC was 51.6 × 10 9 /l with 92% mature neutrophils. Three of eight marrow cells karyotyped showed trisomy 8 without the Ph chromosome. Hasle et al 18 described a 15-year-old female and 25-year-old male with some signs of CNL and karyotypic abnormalities. One patient had a neutrophilia composed of mature granulocytes and trisomy 21 which evolved to tetrasomy 21. The other patient had a modest neutrophilia, low LAP score and normal karyotype at presentation. Three months later this evolved to acute myelomonocytic leukemia (AML-M4) with t(2;2) (q32;p24).
Recently, Kwong and Cheng 19 demonstrated monoclonal hematopoiesis in a patient with features of CNL using methylation status of X-linked hypoxanthine phosphoribosyl transferase gene following restriction endonuclease digestion. This patient had hepatosplenomegaly, marrow granulocyte hyperplasia and an increased LAP score. WBC reached 100 × 10 9 /l with 98.5% mature neutrophils. No rearrangement of the Mbcr region was detected by Southern analysis with the M-bcr probe. Standen et al 11 using restriction fragment length polymorphism and X inactivation of the X-linked probe M27␤ found a polyclonal pattern in a patient with CNL and multiple myeloma suggesting that the neutrophilia in this patient was reactive. This patient had a paraproteinemia with Bence-Jones protein in the urine and a leukocytosis with 91% neutrophils. Following treatment with melphalan and prednisone, the neutrophil count returned to normal, supporting a reactive etiology for the neutrophilia.
A single fluorescent signal was present in over 99% of the present patient's neutrophils and all eosinophils studied from a peripheral blood smear using FISH with an 11q23 probe. Monosomy for the distal long arm of chromosome 11 is consistent with this patient's established 11q14 deletion repeatedly demonstrated by cytogenetic studies of her bone marrow. Lymphocytes had two signals indicating they were not involved by the clonal process, although only small numbers were present for evaluation. Neutrophils also lacked the bcr/abl rearrangement. To our knowledge this represents the first demonstration by FISH of monoclonality of neutrophils in a patient with the characteristic features of chronic neutrophilic leukemia; as well as the lack of the Ph chromosome by FISH. This study reaffirms that at least in some patients, CNL represents a clonal disorder.
